A CONSIDERABLE number of organisms exhibit, as well as the normal chromosomes of the diploid chromosome set, B-chromosomes which behave in an irregular manner partly from a morphological point of view, but more often from the physiological. Although it is usually easy to distinguish between the B-and the ordinary or A-chromosomes, there are many difficulties in the way of finding features which are characteristic of all known B-chromosomes.
A CONSIDERABLE number of organisms exhibit, as well as the normal chromosomes of the diploid chromosome set, B-chromosomes which behave in an irregular manner partly from a morphological point of view, but more often from the physiological. Although it is usually easy to distinguish between the B-and the ordinary or A-chromosomes, there are many difficulties in the way of finding features which are characteristic of all known B-chromosomes. Oestergren (i4) tried to find a universally valid definition by grouping together all known characteristics of B-chromosomes. But he himself points out that no single B-chromosome possesses all the characteristics mentioned.
B-chromosomes clearly represent an extraordinary divergent group of chromosome bodies, and at present it is not easy to see how, for example, the big gap between the accessory chromosomes of Godetia viminea (Hâkansson, 1949 (Hâkansson, , 1950 ) and the B-chromosomes of ,ea Mas (Randolph, 1941) can be bridged. Further extensive research is necessary to clarify the origin and function of these interesting chromosomes.
The present work is a report on several experiments which were made with the particular object of investigating the distribution of fragment chromosomes of Trillium grandflorum. The results obtained throw some light on their distribution .during the heterotypic division of the EMC. Because of the great difficulties of breeding from Trillium, the investigations into fragment chromosomes were undertaken with hybrid endosperms. Because one of the ordinary chromosomes of T. grandflorum is termed a "B-chromosome ", we are forced to use the expression "fragment" for the supernumerary chromosomes.
MATERIAL AND METHODS
The test-plants, 75 specimens of T. gran4florum and 3 of T. luteum were taken from three nurseries-A. Vogt, Erlenbach; C. Frickart Söhne, Stafa/ZUrich (both classified G) and B. Ruys, Dedemsvaart/Holland (GH). The plants from all three sources proved to be highly self-sterile.
To obtain information about the heterochromatin content, all plants were exposed to a temperature of o3° tO i .00 C. for four days. This was before fixation.
five or six weeks after pollination. My experiments show that this treatment is sufficient to obtain maximum starvation effect with normal chromosomes of root tip and endosperm mitosis.
After the exposure to cold the seeds are taken out of the fruit, fixed in Carnoy and then transferred to 8o or 90 per cent. alcohol. In this fluid, the seeds can be '95 kept up to three weeks at a temperature of 00 C. without the chromosomes losing their staining capacity. Alter the hydrolysis (six to ten minutes in nHC1 at 6o° C.) and staining in leuco-basic fuchsin the endosperms can easily be extracted from the seeds with the help of two needles. As Feulgen-stain often penetrates slowly, it is recommended that the seeds be taken out of the staining solution after two hours and left in tap water for two or three hours. Staining with Orcein has also proved useful.
RESULTS OF THE EXPERIMENTS
As is shown in table x, plants with fragments appear in both samples of T. grandfiorum (2n = io). Of 54 plants from the G-sample, 10 specimens contained one and two contained two fragments. All the fragments in this first experimental group were morphologically identical apart from minor differences of size. They possess a submedian centromere, the shorter arm measures og js on the average, the longer one i s (text- fig. ia; plate, fig. i ). No signs of heterochromatin could be discovered. The staining even after prolonged cold treatment (4-5 days in C.) coincides completely with the staining of the euchromatic regions of the ordinary chromosomes. Additional heteropycnotic spots in the resting nucleus could not be discovered. The fragments of the G-plants are, therefore, completely euchromatic. We term them hereafter standard fragments (fr). The fragments of the second experimental group were also purely euchromatic. But here two different kinds offr-chromosomes appeared.
One kind (text- fig. ib ) coincides with the standard fragment of the G-group. The centromere of the other kind, however, seems to be terminal (text- fig. ic ; plate, fig. 2 ) even in the best preparations. No trace of a second shorter chromosome arm could be found. Numerous measurements have shown that their centromere region is of the same length as that of the standard fragments. I am, therefore, of the opinion that here it is a question of genuine telocentric chromosomes (t). The length of its arm is 35 js. It is considerably bigger than the sum of the arms of the standard fragment. Therefore, it does not seem probable that they have resulted from a break at the centromere followed by reunion of the shorter and longer arms of the standard fragment.
The distribution of both types of chromosomes, the standard fragment and the telocentric chromosome, in the mitosis of the root tips and the endosperms is completely normal. No somatic nondisjunction could be found.
The fr-chromosomes of T. luteum (2n io) correspond morpho- 
DISTRIBUTION OF FRAGMENT CHROMOSOMES IN THE ENDOSPERMS
The distribution of the fr-chromosomes could only be exactly ascertained in the standard fragment of T. grand jflorum. In i8 experimental plants crossbreedings of the type 0 xfr, fr x 0 and fr xfr was The cross 0 xfr gave a normal i i distribution. The deviation is not significant (P 0 5). In agreement with Sparrow's statements (1952) about the behaviour of the fr-chromosomes in the meiosis of N2 T. erectum it can be stated that the distribution of the fragments in the microspores is regular. During pollen grain-development nondisjunction does not occur or is very rare.
On the other hand, the distribution of the standard fragments on the female side deviates noticeably from the ratio i : i. As the endosperm nuclei are made up of two polar nuclei and one sperm nucleus, we would expect endosperms without standard fragments and those with two standard fragments in equal numbers. Instead of this, there was a considerable predominance of 2 fr-endosperms. As the X2-test shows, the deviation from the i : i ratio is significant (P <o 'ooi).
That this distribution is not accidental is further proved by the results of crosses carried out on plants which contained a fr-chromosome each. In the fr xfr-crosses, the endosperms with and without a fr-chromosome correspond to the 0-endosperms of the fr x 0-cross, the endosperms with 2 or 3 fr-chromosomes respectively correspond with the 2 fr-endosperms. The frequency of the last two categories is 87i per cent, and is almost exactly the same as the frequency of the twofr-endosperms in thefr x 0-cross (85.9 per cent.). Therefore, there can be no doubt that distribution of the standard fragments in male and female gametes does not take place according to the same laws.
The question arises how the uneven distribution of standard fragments in the ovules occurs. Although no investigations into the embryo sac-development of Trillium plants with such chromosomes have been carried out, their behaviour during meiosis can be inferred. First it must be remembered that the embryo sacs of T. grandflorum develop according to the Allium-type (Ernst, I 902) . After the heterotypic division of the EMC 2 dyad cells appear. One of these, the micropylar, degenerates, while the chalazal dyad cell without further division develops into the nuclear embryo sac.
From the development of the embryo sac of T. grandflorum it can be seen that the deviation from the ratio i : i, as found in the distribution of standard fragments in the endosperms of fr x 0-and fr xfrcrosses, can only be due to the fact that the univalent fr-chromosomes are irregularly distributed during the first meiotic division. According to Sparrow (r 952), the unpaired fr-chromosomes of T. erectum remain undivided in the first division. They do not split until the anaphase of the second division. Assuming that the univalents behave in the same way in the meiosis of the EMC of T. grandflorum, the conclusion can be drawn that their movement during the first division is directed. More standard fragments move to the chalazal than to the micropylar pole. By regular distribution of the split halves into the two nuclei of the two-nuclear embryo sac (second division) only nuclei with fragments arise in the female gametes. So it can be understood why two standard fragments were found in most endosperms.
The preponderance of dyads with standard fragments would also be comprehensible if we assume that their split takes place at least But as mostly endosperms with two standard fragments appear, it would further have to be assumed that all fragment chromosomes split in the second meiotic division again. Such behaviour is assumed by Fernandes (1946) for single B-chromosomes of JVarcissus bulbocodium.
Apart from the fact that this conclusion was arrived at only indirectly (from the distribution of heterochromatin in the resting nucleus of the microspores), the assumption of an occasional additional division of univalents in the second meiotic division is not sufficient to explain the frequent appearance of endosperms with two standard fragments. Therefore, I keep to my first assumption.
Unfortunately, the genetics of telocentrics could not be investigated thoroughly. All three experimental plants with such chromosomes were weakly and only one flowered. In the one fruit obtained only six seeds developed. In four endosperms of the fr >< 0-cross the number of telocentrics could be ascertained. Two were free of them, and two had two telocentrics each. Plate, fig. 6 shows a metaphase While the telocentrics seem to have a detrimental influence, the standard fragments in the quantity observed appear to have a favourable effect on the seed fertility. Table 3 summarises the results of counts which were made of the seeds of six-to seven-weeks-old fruits of T. grandfiorum. They show that there is a slight increase in the number of well developed seeds in fruits of the crosses 0 xfr,fr x 0 andfr xfr. But it must be stated that the ordinary chromosomes of several plants which are used in these crosses vary in their heterochromatin content. The heterochromatin seems to have some influence on the seed fertility. This and the most striking effect of the fr-chromosomes of T. grandflorum, their ability of promoting spontaneous chromosome breakage, will be discussed in another paper.
DISCUSSION
In Trillium fragment chromosomes were first discovered by Sparrow, Pond and Sparrow (1952) in T. erectum, and their behaviour during meiosis and pollen development was investigated. According to Sparrow' s statements, they can be regarded generally as fairly normal. In the first meiotic division they move undivided to one of the two poles and split in the second division. Loss of fragment chromosomes through lagging occurs, but is relatively rare. So in plants with only one fragment chromosome, the values found for microspores with and without a fragment deviate slightly from the ratio i : i.
Microspores without fragments are somewhat more frequent.
The results of the cross experiments which were carried out on T. grandflorum partly agree with Sparrow's findings. The cross o xfr produced endosperms with and without fragment chromosomes in the ratio i : i (table 2) . But, surprisingly, the reciprocal cross Jr >< 0 leads to quite a different result: the number of endosperms with two standard fragments is considerably higher than would be expected with random distribution (85.9 per cent, instead of 50 per cent.). The same result was given by the Jr xfr-cross. As has been stated in full above (p. 198) , this finding can be best understood if it is assumed that the univalent standard fragments mostly move towards those dyads which later form the embryo sac. Their movement in the first meiotic division of the EMC is, therefore, directed.
It can be stated that there is a distant similarity between the distribution described for T. grandfiorum and for the acrocentric B-chromosomes of Trimerotropis sparsa and Circotettix thalassium. According to White (1954) , univalent B-chromosomes are distributed at random in spermatogenesis, but bivalent B-chromosomes often group themselves in such a manner on the spindle that both partners move towards the same pole. In this way, gametes are formed with two B-chromosomes and without any.
The abnormal behaviour of the standard fragments in the Jr x 0-and Jr xfr-crosses indicates that the conditions to which they are subject in the PMC and EMC are somewhat different. While ordinary chromosomes (which, of course, pair regularly) are distributed evenly in both cell types, the difference is big enough to influence the distribution of the fragment chromosomes. As the standard fragments of T. grandijiorum are purely euchromatic, the heterochromatin is eliminated as a possible factor in the irregular course of the first meiosis. It is, therefore, very probable that the centromere has something to do with the difference. Unlike Sparrow (1952) , my conclusion is that the centromere is not quite normal. Some weight is given to this finding because of Fernandes' assumption (1946) that the heterochromatisation of B-chromosomes in .Narcissus bulbocodium resulted in a weakening of the centromere. In the standard fragment of T. grandifiorum no connection can be found between the chromatin type and the physiology of the centromeres. fragments in the meiosis of the EMC is that there is an increase in their number in the endosperms of fr x 0-and fr xfr-crosses. If one assumes that embryos of endosperms with one or two standard fragments all contain i and embryos of endosperms with 3 standard fragments contain 2, the inference is that the average fragment content in the embryos of these crosses is higher than that in the parents. For the two crosses fr x 0 and fr xfr it amounts to o 86 and i respectively instead of o 5 and i o respectively. In spite of the failure of non-disjunction in the pollen grain mitosis, the result should, therefore, be an increase of their numbers in the F1-generation. One may, therefore, suppose that the fragments of T. grandflorum maintain or even increase their numbers in a population.
Thus, the directed distribution of standard fragments in the meiosis, like non-disjunction, shows a special mechanism which favours their propagation. It is not known whether this is counteracted by an opposing process as is the case with Secale cereale (Muntzing, 1943) , where lagging results in a considerable loss of accessory chromosomes at meiosis and where, as the number of such chromosomes increases, the seed fertility is lowered. The fr xfr-crosses produced It is only the mechanism which produces this result that is different.
As to the chromaticity, considerable differences exist between the B-chromosomes of the plants hitherto investigated. The B-chromosomes of Zea Mays (Darlington and Upcott, i4i), Anthoxanthum aristatum (Oestergren, 1947) and Festuca pratensis (Bosemark, 1954) are distinctly heterochromatic. The B-chromosomes of Sorghum puTpurascens (Darlington and Thomas, 1941) , Poa alpina (Hâkansson, After Sparrow (1952) had drawn attention to the euchromatic nature of the fragments of T. erectum, I succeeded in showing that in T. grandfiorum and T. luteum, even after prolonged cold treatment (4-5 days in a temperature of +00 C.), there was no sign of any difference in staining between standard fragment and euchromatic ordinary chromosomes. Thus, the fragment chromosomes of the Trillium species, too, contain no visible heterochromatin. These findings have some significance with regard to the abnormal behaviour of the standard fragments in the course of meiosis and, especially, because of their genetic activity. It has already been shown that the standard fragments of T. grandflorum tend to maintain themselves within a population as well as the heterochromatic B-chromosomes of maize and rye. But in respect of the genetic activity, too, there appears to be no essential difference, as far as present experimental results permit such a conclusion.
According to my investigations the seed fertility seems to be favourably influenced by the introduction of up to three euchromatic standard fragments in the endosperm. Favourable effects are described for heterochromatic B-chromosomes as well. From Frost's measurements of plant weight of Centaurea scabiosa (cit. from Muntzing, 1954) the presence of a few B-chromosomes seems to be more advantageous than their complete absence and Roman (1947) found in maize forward growth of pollen tubes which contained heterochromatic B-chromosomes.
Whether euchromatic B-chromosomes can also have an unfavourable effect is not yet known. Still it must be noted that all samples of T. grandfiorum that had euchromatic telocentrics were weak and rarely flowered.
6. SUMMARY i. Plants of Trillium grandiftorum and T. luteum have been found with one to two small euchromatic fragment chromosomes, the centromere of which is either submedian (standard fragments, fr) or terminal (telocentrics).
2. Crosses of the type 0 xfr,fr >< 0 andJr xfr show that distribution of single standard fragments is normal (i : i ratio) if the male plant alone carries the fragment. When it is carried on the female side, however, there is a preponderance of endosperms with two to three fragments (see table 2).
3. It is assumed that there is a directed movement of univalent fragments at meiosis in EMC toward the dyad cell which forms the embryo sac. This would appear to be another mechanism for the maintenance of B-chromosomes in wild populations. 
